INTRODUCTION
In current century, harmonics and voltage flicker are among two power quality problems existed in power system operation. The harmonics come from various sources, such as rectifiers, arc furnaces, electrical discharge devices or other nonlinear loads [1] . Voltage flicker is a type of voltage fluctuation with certain frequency and it causes visual sensation made by an unsteadiness luminance (light) fluctuates with time which can cause headache [2] . At present, flicker severity measurement based on IEC flickermeter is widely used in the industries [3] . Short Term Perceptibility (Pst) and Long Term Perceptibility (Plt) are assessed by the IEC flickermeter via instantaneous flicker sensation (Pinst). Specifically, Pst and Plt are referred to a recorded data of Pinst under observation of 10 minutes and 2 hours respectively. A number of research works has been carried out to improve accuracy of the flickermeter [4, 5] . Some researchers did investigation on reducing the observation time of Pst [6] . Meanwhile, other researchers proposed their methods for flicker mitigation in the power system [7, 8] . Specifically, for flicker detection, previous works done were based on wavelet Fourier transform [9] , atomic method [10] , new modified S-transform algorithm [11] , and Chirp-z transform [12] .
Practically, amplitude of the voltage flicker waveform is fluctuated in sinusoidal or rectangular pattern. Therefore, according to IEC standard [3] , the voltage flicker waveforms can be categorized into two types, which are sinusoidal and rectangular modulations. The main cause of voltage flicker is related to interharmonics, and presently, relationship between interharmonics and voltage flicker is deeply investigated by many researchers [2, 13, 14] . In presence of interharmonics, the voltage flicker waveform is produced in which the periods of the interharmonics are not synchronous with the fundamental frequency. However, to date, there is no yet significant research work regarding investigation of harmonic components on voltage flicker measurement.
Therefore, this paper presents a significant work, by pointing out a worthwhile research gap on investigation of harmonic components on voltage flicker measurement. Appropriate justification on how the harmonics can give immediate impact and directly increase severity of the voltage flicker will be presented. In this work, for further validation of the concept, Fluke power analyzer 435 series II and programmable AC source are utilized in the experimental setup.
The organization of this paper is as follows. In Section II, operation of IEC flickermeter is discussed. Experimental validation is presented in Sections III. Simulation of rms value is discussed in Sections IV. Additional information on second harmonic is highlighted in sections V. Finally, Section VI concludes the significant findings of the work.
II. OPERATION OF IEC FLICKERMETER
Measurement of flicker by using the flickermeter is based on IEC standard [3] . Block diagram of the flickermeter is shown in Fig. 1 . A brief elaboration about the flickermeter for 50 Hz power system is discussed in this section. Basically, the flickermeter consists of 5 blocks as following: 
A. Block 1
The input voltage is normalized with its own rms value accordingly.
B. Block 2
The normalized input voltage is squared for converting the AC to DC signal so that the signal is suitable for filtering.
C. Block 3
The function of this block is to simulate the human eye response with a lamp. First, the signal is filtered with the first order high-pass filter (0.05 Hz) for DC elimination. After that, the signal is passed to the 6th order low-pass filter (35 Hz). Finally, the signal is passed to a weighting filter to simulate as a lamp that is responded by human eye. At the end of this block, the frequency components that are not observable by human eyes are filtered out completely.
D. Block 4
The signal is squared to simulate the perception of eyebrain. After that, the smoothing process is done by using a filter with time constant of 300ms. This block also simulates the brain storage process for optic perception. The output of this block is instantaneous flicker (Pinst).
E. Block 5
Finally, the block 5 is a statistical analysis for severity of voltage flicker based on Pinst. The outputs of this block are Pst and Plt.
The main function of the flickermeter is to evaluate severity of voltage flicker. Voltage flicker may be detected if rms value is fluctuated as the measured input is initially (block 1) normalized with its own rms value.
III. EXPERIMENTAL VALIDATION
Experimental validation is carried out to explore capability of the flickermeter to detect voltage flicker due to existing of harmonic components. The experimental setup is done by using a programmable AC source model 6590 for generating harmonic waveform, and Fluke power analyzer 435 series II for measuring severity level of flicker (Pst), as shown in Fig. 2 . If value of Pst is more than 1, voltage flicker is detected [15] . Specifically, 300 waveforms (harmonic injection from 1 to 30% and each injection consists of 2 to 11 harmonic orders) are generated, and measured by the power analyzer. The experimental results are listed in Table I . Meanwhile, the experimental results are also plotted as shown in Fig. 3 . Based on the results, voltage flicker is detected when the second harmonic is greater than 22%. Furthermore, 11% of second harmonic is considered boundary level of light flicker which is not perceptible by human [16] in which its Pst value is 0.5. Moreover, Pst for the second harmonic injection obtained experimentally from this work behaves interestingly in a way that it fulfills the relationship given as: 
IV. SIMULATION OF RMS VALUE
This section will further prove presence of harmonic in the power system will cause fluctuation of rms which may also indirectly later cause voltage flicker. Basically, rms value can be calculated by the formula below: 
where v(i) is represented as instantaneous voltage at sample i, and N is represented as a window size (or samples). For this discussion, the value of N is 128, which is half cycle of 50 Hz power system. Then, the sampling frequency is 12800 Hz, as 256 samples are needed for one cycle of 50 Hz.
For appropriate validation, a measurement signal with amplitude (rms) of 240 V and 50 Hz, without harmonics, is investigated first. The rms value (Fig. 4) is calculated via eq.(2) using a sliding window of half cycle. Obviously, it can be seen that the rms value of the signal is constant all the time. Rms value is fluctuated as shown in Fig. 6 . Evidently, presence of the second harmonic in the power system causes fluctuation of rms value. Therefore, this analysis confirms the finding in the experimental results in which the second harmonic component causes significant effect on flicker measurement.
V. ADDITIONAL INFORMATION OF SECOND HARMONIC
Basically, second harmonic exist in Alternative Current (AC) waveform if the AC waveform is not in symmetrical half-wave. In graphical point of view, by considering AC positive half cycle which is flipped about x-axis and is shifted by 180° to the right; if the half cycles of positive and negative are unable to perfectly line up, second harmonic may present.
The second harmonic is recognized to have higher unfavorable effects in the power system loads as compared to odd-order harmonics [17] . Therefore, a very strict limit for second harmonic component is defined by the international power quality standards. IEEE 519 defines that the second harmonic voltage is limited to 3% [18] . EN 50160 defines that the second harmonic voltage must be maintained below than 2% [1] . However, the second harmonic of higher than 3% may occur due to possible faults in some of electrical [19] and electronic devices and operations [20, 21] [22] [17, 23] , as further to be elaborated later.
In industry, half-controlled three-phase bridge rectifier or a semiconverter (Fig. 7) is widely used [24] . Specifically, this type of converter consists of 3 controlled rectifiers (T1, T2, and T3) and 3 uncontrolled rectifiers (D1, D2, and D3). Many manufactures prefer to use this topology as compared to the full-controlled three-phase bridge rectifier due to its economically factor and simplicity in term of algorithm design. However, utilization of this topology inherently generates high second harmonic current, which may be injected to the power system. In addition, the worst second harmonic magnitude is produced when the firing angle is around 90 degrees [24] . Applications of this topology are for dc welding, electroplating, battery charging [25] and some dc drives [26] . Besides that, operation of AC arc furnaces may generate second harmonic source too. Basically, second harmonic current is injected to the power system at early and middle stages of the melting process. During both stages, the repeated random dc bias is occurred before metal meniscus is produced. Subsequently, the repeated random dc bias affects the furnace's transformer by producing magnetizing current which consists of second harmonic [27, 28] .
Besides that, unbalanced faults [19] in power system inherently produce second harmonic component. Therefore, unbalanced faults can be detected by the information of second harmonic [19] . Next, second harmonic power, second harmonic ratio, and second harmonic incremental variance [29] are extremely useful for arching faults detection.
Unambiguously, scenario of unbalanced and arching faults can be considered as second harmonic sources.
A typical Neutral-Point Diode Clamped (NPC) rectifier as widely used in the industries may produce second harmonic current too due to mechanism of its switching pulses are in asymmetrical pattern (improperly tuned condition) [20, 21] . Fig. 8 Schematic of fully controlled 6 pulses bridge rectifier Second harmonic may also be produced by fully controlled 6 pulses bridge rectifier (Fig. 8) in some circumstances. Specifically, this system alone will not produce second harmonic. However, the second harmonic may exist when the firing of the controlled diodes (T1, until T6 in Fig. 8 ) are in asymmetrical pattern (improperly tuned condition) [22] .
Therefore, sources of second harmonic may come from any phenomena as discussed above. Therefore, from practical point of view, investigation done in this paper is significantly contributing knowledge especially for diagnosing the voltage flicker.
VI. CONCLUSION
This paper points out a worthwhile research gap to investigate effect of harmonic components on voltage flicker measurement. Harmonic orders from 2 to 11 are considered in this investigation. For further validation, experimental work together with the Fluke power analyzer 435 series II have been successfully been conducted. Based on the experimental results, the voltage flicker is detected when second harmonic is greater than 22%. Furthermore, it is proven that severity of the voltage flicker is directly proportional with percentage injection of second harmonic component. Furthermore, there is no any voltage flicker detected for 3 to 11 orders of harmonic injection. Therefore, this paper has successfully contributed to knowledge on immediate impact of the second harmonic on flicker measurement.
